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WIND-TUNNEL INVESTIGATION AT A MACH NUMBER OF 1.53
OF AN AIRPLANE WITE A TRIANGUIAR WING

By Richard Scherrer and William R, Wimbrow

SUMMARY

An experimental investigation was conduoted to determine the aero=-
dynamic characteristics of models of a tajilless, pursuit-type, supersonic
airplene employing a wing of triengulsr plan forme Several modificetions
of the besic airplene were tested and data were obtained at two Reynolds
nunbers at a Mach mmber of 1,53 Measurements of 1ift, drag, and
pitchi.ng moment were made through an angle-of-sttack range of -5° to
+15° s and measurements of side force, drag, and yawing moment were made
through en angle-of-yaw range of =1° to +9°, The wings were equipped
with constant-chord, trailing-edge elevators; and the vertical fing
with econstant-chord, tra:.ling-edge rudderse The elevator deflection
angle was varied from 0° to -i7.8°., EBach of 'hro vertloal-ta.il con~-
Pigurations were tested with rudder angles of 0° and -9°.

The elevator effectiveness was found to be independent of angle of
attack through the range investigated and was found to vary linearly
with elevator deflection up to a oritical deflection angle which eould
be predicteds It was alszo found that the effectiveness of the elevators
improved with increasing Reynolds rumber. The models exhibited a vari-
ation of drag with 1ift which was only slightly greater than that pre=-
dicted by -theorye.

All of the models tested were longitudinelly stable with the center
of gravity loceted at 25 percent of the mean asrodynamic chord. How=
ever, with the certer of gravity ir this position, all the configurations
were either directionally unstable or exhibited a degree of stability
that appears to be marginal.

INTRODUCTION

A wing of triangular plan form with its apex forward appears to bhe
suitable for certein types of supersonic aircraft because theory indi=~
cates that such & wing should_ heve satisfactory subsonic and supersgenio
stability characteristics and®loW sipétsanic wave drag. (See references
1l and 2.} Recently the NACA has completed an experimental investigation
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of wings of this typee (See reference 3.) Although theory and experi-
ment indicate satisfactory characteristics for wings of triengular plen
form, the effect of adding & fuselage and controls to this type of
wing requires further investigation. BSeveral types of trailing-edge
flapes on triangular wings have been tested in the transonic range and
the results of this investigation are reported in reference 4. How-
ever, the knowledge of control charscteristics of such wings at super-
sonlc speeds is still very limited.

The present investigation was umdertaken to determine the aero-
éynamic characteristics at a Mach number of 153 of several configura-
tions for a tailless, pursult-type, supersonic¢ airplane employing =&
wing of triangular plen form, and also to determine the control charec-
teristics of constant chord elevators at the trailing edge of such a winge.

SYMBOLS

The following symbols and serodynamie coefficients (referred to
the wind axis) heve been used herein:

¢ s (dra. )
D drag coefficient ..q.gﬁ
¢ 110% coefficient <1ii‘t>

L ==

(&C1,)e change in CL due to elevator deflection
c o (pi'bchin moment)

- pitching-moment coefficient gﬁ‘gﬁ
Cma pltohing-moment coefficient referred to the 50-percent

M.AoCe station

¥

(Acmﬁ) chenge in Cmy due to elevator deflection
2/6 2

4

Toge pitching=-moment coefficient referred to the 25-percent
HJ.A.Co station

Cp. yewing-moment coefficient reforred to the 50-percent
= MeAeCo station

Cnc yawing-moment coefficient referred to the Z5-percent
ry M.A.Ce gtation

Cy ' side-force coefficient (s_ii%é'ezs.e)

H.ALC. mean serodynamic chord, ¥, inches

q dynemic pressure, pounds per square foot
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-

X Mach number

total wing aree, square inches

Se exposed plan area of slevetors, square inches

(04 angle of attack, degrees

ag rate of change of angle of attack with elevator deflection
at a constant 1lift coefficient

Se elovator deflection angle, degrees

5;— rudder deflection angle, degrees

v angle of yaw, degrees

Configuration Symbols

Bg | body with sharp-nose duct entrance

By s body with open duct entrance and 12° exterior nose angle
X pilot's canopy

v, - single vertical fin and rudder

Va twin vertical fin and rudders at the wing tips

Ve o basic triangular wing with 60° leading-edge sweepback
We oF modified triangular wing with leading-edge fillets

APPARATUS
Wind Tumnel and Balance Equipment

The inveatigation was conducted in the Ames 1l- by 3=foot supersonic
wind tumel No. 1. This wind tuunel is temporarily equipped with a
fixed nozzle designed for a Mach mumber of l.5 with a 1= by 23-foot test
gection, The tummel, balance, and other instrumentation are described
in detail in reference 5. However, in the present investigetion, pitch~
ing moments were determined by measuring the bending moments in the
sting support with & strein gage instead of measuring the reactions on
the main balance springs as described in reference 5. This change
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introduced a oconsiderable improvement in the accuracy of the moment
measurementse.

Models

The airplane model tested is an exsmple of a pursuit-type aircraft
intended for flight at supersonic speeds. Three-view drawings of the
various configurations tested are shown in figure 1 and photographs of
the models are shown in figures 2 through 5. The airplane has no hori-
zontal tail and has a fuselage which is large relative to the winge
This size rela:t:.onsh:.p is dietated by the large volume-weight ratio of
the rem=jet engine that is to be installed.

The besio wing is en equilateral triangle in plen form snd has no
dihedrale An NACA 657-006.5 airfoil section is used at a2ll spanwise
stationse A modified triengular wing with leading=edge root fillets
(fige 5) wes also testede Control surfaces of constent chord (fige 1)
that extend acrossz the entire traliling edge of the wing are to provide
longitudinal and lateral controle The elevator deflections were
obtained by making a series of similer wings and bending the eppro=-
priate portion of the trailing edge of each to the desired angle.

Two vertical fin~rudder configuretions are proposed to provide
directional stebility and comtrole One configuration (fige 2) hes a
lerge triangular £in with a constant chord rudder snd a small ventral
fin, Like the wings, the angle of sweepback of the fin leading edge
is 60° The other configuration has twin wing-tip fins, also with
constant chord rudders as shown in figure 3. They too are modified
equileteral triangles, the lower corner having been cut off to provide
ground clearance.

Two body conf‘lgurations were testede One incorporated a shook dif=-
fuger having a 50° cone at the duct entrance, as showm in figures 2 and
3. The angle of the duct lip was also 50° and the minimm oross-
sectional area of the duct occurred at the entrances The second body
hed an open~duct divergent entry, the exterior of which was formed by
fairing & truncated 12% oone into the cylinderical fuselege as shown in
figures 4 and 5. The minimm duct area of this configuration also
ooccurred at the entrance, but unlike the previous configuretion no super-
sonic compression was employede The latter body was tested both with
and without a pilot's canopy. (See fige 4e)

The models were assembled from interchangeable components that
attached to an inner body which was drilled to fit over the end of the
sting support and thereby provided a means of attaching the model to the
balance beam. The sting was shielded from aerodynamioc forces by a
shroud that extended to within one~sixteenth inch of the bage of the

; i
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inner body. This gap allowed the necessary longitudinel motion result-
ing from the deflection of the drag gages. An orifice was provided in

the sting adjacent to the base of the immer body to measure the pressure
aoting on the based

METHODS

Test Methods

In the first phase of the tests, aerodynemic forces and moments
in pitoh were determined through an angle-of-sttack range of =5° to
+5°, the normal deflection range of the balance besm. In the next
phase, the angle-of-attack range was extended from 5° to 15° by
replacing the straight sting support with e sting having a 10° initial
angles FPhotogrephs of models installed for both of these pheses
appear in figure 6+ In each test 1lift, drag, and pitching moments
were messured in 1° angle~of=attack increments. As a result of the
deflection of the balance beam and the sting, the low angle-cf-attack
range of the model was slightly greater than the range of the beam.
At the high positive angles of attack, the forces acting on the meodel
were great enough to deflect the sting until it fouled againat the
surrounding shroude This prevented angles beyond 10° or 12° from
being attained at the high dynamic pressure corresponding to the
larger Reynolds number,

In the third phase of the test program the various configurations
were tested through en angle~of-yaw range of -1° to +9°. This was
accomplished by mounting the models in the tumnel with the span of the
wings in & vertical plane as shown in figure 6(c) and by using a
sting with =& 4° initial angle, Side«force, drag, and yawing moment
were measured at 1° increments of angle of yaws

In all three phases, the angle of attack (or angle of yaw) of
the model under load was measured with a vertical cathetomester and,
es a check, was also calculated from the measured 1ift {(or side
force) and m predetermined spring constant for the balance beam and
gtinge Both of these methods are described in reference 3.

All models were tested at two Reynolds numbers, 0.71 X 10% and
1.13 X 10°, based on the mean aerodynamic chord of the wings The

Reynolds number variation was obtained by verying the total pressure
in the wind tunnel.

Method of Analysis

All measured foroes were reduced to standard dimensionless
coefficients and, to fecilitate comparisons, coefficlents for all
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configurations were based on the dimensions of configursation By W, ¥ .
These dimensions are given in table I,

All drag data have been corrected for the effect of the pressure
acting on the base of the immer body.

In order to reproduce as closely as possible the flow conditions
that would exist over the exterior of the full-acale sirplane, it was
necessary to provide for air flow through the internal duct of the model.
It wes considered impractical, however, to design the interior of the
model to correspond exactly to the interior of the actual airplane.
Therefore, to apply the results obtained from the model tests to actual
flight conditions it is necessary to subtract the increment of drag
caused by the internmal flow in the model from the total measured drag
and replace it with & value corresponding to the intermal drag of the

actual airplene., 4An ?proximte value for the internal drag of the
models utilizing the Bg duct entrance was obtained in the following man-

ner: First the drag of the By fuselage without wings or vertical fins
wes determined experimentally. Then the 50° entrance cone of the By
entrance was repleced by another cone that completely plugged the duot
entrancee This eliminated the internal flow and consequently the in-
ternal drage To reproduce the original drag or pressure distribution
over the exterior of the fuselage aft of the cowling lip, two conditions
had to be met: first, the stream angle at the lip had to be the same as
with the normal entrance, and second, the pressure at the lip had to be
the same. Acoording to caloulations the first condition required a 39°
cone to block the passage and the second a 48° cone. Since both condi-
tions could not be fulfilled similtaneously, the fuselage was tested with
both cones. The pressure drags for the 39°, 48°, and 50° nose cones
wore calcoulated by the method of Taylor and Maccoll. (See reference 6.)
The internel drag was then assumsd to be given by the following equation:

Dyntornsl . DBy (PBagse=Dasb) * (P, -Dis-Desb) 1,

2
where
Dg, meagured drag of By fuselage with normal 50° cons
D, ~ measured drag of fuselage with 89° ocone
D, ~ meagured drag of fuselage with 48° oconse
Dag caloulated drag of 39° cone
Do calculated drag of 48° cone
Dso caloulated drag of 50° cone

wha—'
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Disy, messured base drag of fuselage with 36° cone

Dsey, measured base drag of fuselage with 48° come

Precision of Results

The accuracy of the experimental data can be determined by esti-
mating the uncertainty of the individual measurements which enter
into the determination of the final resultse The over-all uncertainty
of any given parameter can then be obtained by geometrioc summatlon of
the uncertainty of each of the factors entering the firal value of
that parameters This method of acouracy analysis, desoribed in detail
in reference 3, has been applied to the determination of the sero-
dynemic coefficients for this investigation. Since the accuracy of
the results varies nomniformly with the magnitude of the forces
involved (as described in reference 3), an analysis was made for the
arbitrary valunes of 0.2 1lift coefficient, 0.06 drag coefficients, and
0.0l moment coefficiente These coefficients are intermediate values
obtained for the By Wgg Vi configuration with no elevator deflectione
The following values for the uncertainty of the lift, drag, and
moment coefficients were obteined:

Cy, and Cy + 0.003

k-] =z

The major factor contributing to the uncertainty in the moment
coefficient was the difficulty in acourately determining the distance
betweern the effeotive ocenter of the sting moment gage and the ceentroid
of the wing. An error in the measurement of this distance introduces
an error in the measgured moment coefficlent that is comstant for that
particular model instellation. Consequently the slopes of the moment
curves can be determined much more acocurately than can the actual
numerical values of the coefficient. This is demonstrated by the
abrupt discontinuities that ococcur in the momsnt ourves at the point
where the change is made from the date obtained with the lew angle of
atteck, straight sting, to that obtained with the high angle, bent
sting.

As in reference 3, the uncertainty of the angle-of=attack measure-
ment is £0,16° and the Mach number may vary by £0.01l.

The average Reynolds mumbers for the investigation are 1,130,000
and 710,000, but due to variations in tunnel pressure and temperature
the actual value may vary fz;q:_n one test. run to another by £20,000.
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The determination of the actuasl deflection angles of the control
spurfaces was made extremely diffiocult by the small size of the models
snd the fact that these surfeces were bent rather than machined to
the desired angle, As & result there was a bend radius rather than a
definite hinge line. However, the elevator deflections were measured
cerefully at six uniformily spaced stations across the span of each
wing end the average of these six measurements is used in presenting
the date. It is believed that the individual meesuremente were accurate
to £0.05° but the welues for the various stations across the span of a
given wing varied by as much as +2° from the average values.

The rudder~deflection angles were subject to variations similar
to those of the elevators and, in addition, the chords of the rudders
were not oconstant throughout their length. Consequently no attempt
we.s made to measure the rudder-deflection angles with a high degree
of accurscy and the nominal value of -9° for the effective deflection
angle of both rudder configurations is subject to an uncertainty of
at least £1°,

RESULTS AND DISCUSSION
Tests in Pitch, Controls Neutral

The variations of 1lift, drag, and pitc moment with angle of
attack were determined for all configurations (table II) through an
angle-of-attack range of =6° to +16° In this portion of the investi-
gation all the configuretions were tested with neutral elevators and
rudderse. i

The internal drag coefficient for the By configurations was
determined at zero angle of attack by the previously discussed method
and is plotied in the appropriate filgures. The internal drag ocorrec-
tion is assumed to be constant for angles of attack up to 5%

Configuretions Bg and Bg Wg «= The data presented in figure 7
indicate that the body represents the major portion of the drag of

the particular configuration. The lift~ocurve alope(d'cL = 0.045)
da

of the By Wy, configuration is in general agreement with that obtained
for a simllar plen-form wing in the investigation reported in referemnce
2. The pitohing-moment coefficient exhibits a definite nonlinear
veriation with changing angle of attacks As & result the neutral
point varied with angle of attack. Because of this effect, the moment
date sre shown for two center-of-grevity positions (25 percent and
50 percent M.A.C.)} rather than moment curve slope as a function of

hY
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center-of=grevity position. The wing~body combination is slightly
unstable at zeroc lift with the center of gravity at the 5O=percent
McA.Ce position.

A comparison of the curves of figure 8 indicates that the meas-
ured drag is only slightly greater than would be predicted by the
linear theory, oconsidering leading-edge suetion. This result is not
in agreement with the data presented in reference 3 for a wing of
similer plan form but with an isosceles triengle for the airfoil
sectione Part of the apparent leading-edge suction effect shown in
figure 8 is undoubtedly due to ths use of subsonio airfoll section.
However, it is possible that there is a favorable interasction between
the wing and body pressure fields beceuse of the size of the body in
reletion to the winge This letter possibility is indiceted by the
smell dreg inorement et zero lift between the drag of the Bg and Bg W
configurations. (See fig. 7.) The results of the present investiga-
tion indicete either leading-edge suction or wing=body interactiom
effects but do mot indicate which effect predominates or why. Further
research is necessary to provide an answer to this guestion.

Configurations By Wo o V; and By 5 Wgg Ve~ A comparison of the
data in figures 9 and 10 reveals that the configuretion utilizing the
Bis body has spproximately 20 percent less measured minimum drag than
the otherwise similar configuration with the Bg body. 4lthough the
internal drag of the Big body mey be lower than that of the Bg body,
this could not be expected to account for the entire difference in
totel drag because the internel drag of the Bg body is about 28
peroent of the total drag of the complete configuratione The duct-
entrance areas for the By and B,; configursations were almost identical
but the entrance conditions were sufficiently different so that the
internal air-flow rate for the By body was of the order of 25 percent
greeter than that of the Big body. Although this might indicate a
greater internal drag for the Bg configuration, the unknown differences
in internal pressure due to the duct shapes and internal friction maks
any general conclusions impossible.

The schlieren photographs of the two configurations (figs. 11
and 12) offer e possible explanation for the higher drag of the Bg
configurations. Figure 1) ghows that the bow shock wave of the
Big Wgo Vi configuration is attached to the entrance lip and is
completely swallowed by the ducte Figure 12 shows that & normal shock
wave stands off the lip of the B entrance. An entrance of this type
is most efficient when the shock wave originating at the nose of the
" entrance cone intersects the lip of the entrance, when the lip angle
of the entrance is identicel with the locsl streeam angle, and whemn
the lip tapers to zero thickneas. Nome of these conditions were met

t
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in the medel tested and consequently, as is shown, the normal shock
weve was slightly detached from the duct lip,

The lift-curve slope of the wing-body combination (Bg Vo) was
unchanged by the addition of the V, vertical tail, and the minimum
drag cocefficient was increased by only 2 percente The pitching=-
moment-coefficient curves are nonlinear and indicete a small degree
of instability at zero lift about the 5Q-percent M.A.C. conter-of-
gravity position and a definite degree of stability about the 25-
percent M.A.C. center-of-gravity position. The shape of the moment
curves is such that the longitudinal stability would increeasse and
then decrease with incressing lift,.

The lift-curve slope for the B,; W, Vi configuration is the same
as that for the Bg Wy, V, configuration, but the longitudinal stability
is slightly lesse.

Configuration Bg Wy, V5.~ Comparison of the data in figures 9
and 13 shows that the drag of the aingle~fin and twin-fin configure-
tions are almost identicel, however, the lift-curve slope of the twin-
fin configuration is 0.002 less than that of the single~fin configura-
tion (0.045), based on the saeme wing srea. This change can be
acéounted for by consideration of the chenge in wing area (table I).
The change in vertioal-fin configuration haed a negligible effect on
the longitudinal stabilitye.

Configuration By Wy FVy ew The Wgo F wing incorporates leading-
edge Tillets which were %esigned to deorease the wave drag of the root
of the basic Wgg winge Comparison of figures 10 and 14 shows that the
addition of these fillets had no measurable effect on the drag or
lift-ourve slope and that the complete model with the WgoF wing was
less stable longitudinally due to the forward movement of the center
of pressurees Either the weve dreg was not devreased as expected or
the effect was counteracted by the increase in frioction drag of the
additional surface srea and by minor differences in the internel drage

Configuration B KWEE Voe= A comparison of the drag curves of
figures 10 end 15, neglecting the drag increment due to the change in
tail configuration, shows that the drag increment due to the pilot's
canopy is approximately 6 percent of the measured drag of the

B , KWso %2 configuration. The lift-curve slope and longitudinel
stability were unaffected by the addition of the pilot's canopy.

Tests in Yaw

The deta obtained from re yaw testi are shown in fipures 16 to
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19 inclusivee.. The variation of drag, side force, and yawingemoment
ocoefficients with angle of yew for the Bg Wgo configuration is shown
in figure 16. The wing-body combination is definitely directionally
unstable, but the addition of the Vi vertical teil causes the air-
plane to be direotional steble at least about the 25-percent M.A.C.
position. (See fige 17.) The V, vertical=fin configuration was not
as effective ag the V; configuration and did not cause the airplane
to be directionally steble. (See fig. 18.)

The B3z Weo Vi configuration was directionally unstable about the
25=percent M.A.C. point and the addition of the pilott's canopy caused
the airplane to be even more directionally unstablee (See fige 19.)

Elevator and Rudder Effectiveness

The Bg W., V, configuration was tested in pitch with rudder
neutral end elevator deflections of 0°, «6.569, ~9.9° end =17.8%; and
in yaw with elevators neutral and rudder deflections of 0° and -9°.
The Bg Wgo Vz configuration was tested in pitch with rudders neutral
and elevator deflections of 0° and «10.9%; end in yaw with elevators
neutral end rudder deflections of 0° and -9%,

The effeet of a detached bow wave, which would occur in flight
at certein power settings, on the stability and control of the
B, Wgq Vy configuration with =9.9° elevator deflection is shown in
figure 20. A 0,875-inch diameter washer was installed between the
entrance cone and the immer body of the model with the result that
the shock wave originating at the duot lip detached and moved forward
onto the entrance cone about half way to the cone tipe The three-
component date from this test are shown in figure 20(a). The 1lift,
drag, and pitching=-moment data for the configuration with the normal
internal flow are shown for comparison in figure 20(b). A comparison
of the two figures indicates that there would be no stabiliby or trim
change dus to the forwerd movement of the shock wave, but that the
minimum drag would increase by 28 percent for the particular condition
of internel bloskage which was tested.

Figures 21 and 22 show the variation of 1lift with angle of attack
for various elevator deflections for the Bg Wy, V; and Bg Wgo V3
configurations, respectively. The date are presented for the
By Vigo V3 configuration at two Reynolds numbers. These datae are
cross=plotted in figures 23 and 24 to show the variation of 1lift with
elevator deflection, '

Figures 25, 26, 27, and 28 show the variation of pitching moment

with angle of attack for the various elevator deflections for the
& . 4

> o~ - <
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Bs Wigp Vi and Bg Wgo V3 configurationse In figures 25 and 26 the
noments are taken about & pcint at 50 percent of the M.A.Ce, in
figures 27 and 28 at 25 percent of the M.A.C. As before the data
for the Bg Wg, V; configuration are presented for two Reynolds
numberse The data from these curves are cross-plotted in figures 29,
30, 31, and 32 to show the varimtion of pitching moment with elevator
deflection for the various anglos of attack.

The effect of approximately ~9° rudder deflection on drag, side
force, and yowing moment for the Bg Wgo V; configuration is shown in
fizure 17 Similar date. for the Bg Wgo Vo configuration are shown in
figure 18, Comparison of the two figures shows that the Bg Wy Vi
configuretion has the grester rudder effectiveness; the chanpge in 25
percent MiAeCo yewing-moment coefficient per degree of rudder deflec~
tion beins approximastely «0.0003 for the Bg Wgo V) configurastion and
=040002 for the Bg Wao Vo configurations.

The wing=elevator combination and the vertical fin-rudder combi-
nation of the airplane tested in this investigation are very similar
in that they are both triengular plan-form airfoils with constant=-
chord flapse Therefore, the serodynamic characteristics should be
similar and any theoretical treatment that can hbe applied to one
should be equally applicable to the other,

Considering the elevators, inapection of the curves reveals that
both 1ift and pitching moments exhibit a variation with angle of
attack that is essentially lineere The rate of veriation appears to
be independent of elevator deflection. Lift and moment also vary
linearly with elevator deflection up to & deflection angle of approxi-
mately 13°. Above this angle of deflection the effectiveness of the
elevator decresses. Thisg eritical angle cen be predicted from the
characteristics of two-dimensional obligue shock waves.

It can be shown that an oblique shock wave cannot exist beyond a
cortain limiting flow deflection angle, which is a function of the
gtream liach number. Therefore it would be expected that when the
elevator i1s deflected sufficiently to produce the eritical flow deflec-
tion anmle, the obligue shock at the leading edge of the elevator would
detach and become a normal shock wave ahead of the elevatore. Caloula-
tions indicated that the shock wewe detachment would occur at 12.5°
elevator deflection at a Mach number of 153,

The commonly used parameters of elevator effectiveness that oan
be evaluated from the data obtained in this investigation are the

slope of the lift~elevator deflection curve aCL and the slope
e




NACA RM No. A7J05 £ . 13
of the pitching-moment elevator-deflection curve Y A third
e

parameter g may be obtained by dividing ook

ac o
slope .&EI.‘.. These slopes were measured at 8;=0° but, because of

the lineer msture of the curves of the basic data, the values 'tél.bu—
lated below may be assumed to apply over the entire angle-of-attack
range investigated and for elevator deflections up to 12°%

by the lift-curve

The effectiveness of the constant-chord elevator for the complete
trisngular wing cen be predicted ve closely by an epplication of
Ackeret's theory. (See reference 7. The application of this theory
depends on two assumptions: (a) thet the elevator is essentially a
rectangular flat plate with no end effects, and (b) thet no interaction
occurs between the elevators and the wing. With these assumptions,
the change in l1ift due to the elevator deflection is given by the
following equations:

(8eL), = B 5

e
57.3/¥=1 S

The chenge in the 50-percent M.A.C. pitching moment is given by:

(%053) =~y = (75)

T T 57.3 /-1
e

Values of the effectiveness parameters obtained are given in the
following table:

Configuration Bg Wgo Vs Bg Wgo Wy Bg Wgo V2
(Experiment) (Theory)
Reynolds Number | 1.13.X 10° | 0.71X 10%{1.13 X 10° '
oCL 0.0069 0.0075 0.0087 0.0095
38,
ag .157 .167 .191 .211 *
3¢y,
63_% ~.0033 -.0037 -.0040 -+ 0040
N A
&8¢,
C/a
—-—L. -.00561 -.0058 -+ 0060 -,0064
b,

* Experimental

4
E%I-‘- used in determining

this value,
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Figure 33 shows that the experimentel data agree with the theory
up to the critical deflection angle discussed previously. The good
agreement between theory and experiment is partially dus to the com=-
pensating effect of neglecting both the loss of lift at the elevator
tips and the carry-over of the edditional 1lift onto the fuselages

The theoretical equations do not inelude viscosity effects and
comparison of the various effectiveness parameters shows that the

moment~producing effectiveness %%Ew which wes predicted most closely
e

by theory, varied very little between the two Reynolds numbers at
which tests were made. On the other hand there is considerable

veriation in the lift-producing effectiveness g%é-'with Reynolds
e

number, but the trend 1s such that the theory should more closely
predict the measured value as the test Reynolds number inoreases
toward full-scale values.

A comparison of the effectiveness parameters in the foregoing
table, based on the area of the full triangular wing, indicates that
the installation of wing-tip fins had an adverse effect. When the
changes in wing and elevator aress are considered, however, the
elevator effectivensss is unchanged.

CONCLUDING REMARKS

The effectiveness of constant-chord trailing-edge elevators on
a trianguler plan-form wing was found to be independent of angle of
attack through the range investigated and the effectiveness was
found to vary linearly with elevator deflection up to & critical
angle which could be predicted. It was also found that the elevator
effectiveness inoreased somewhat with increasing Reynolds number
with corresponding improvement in the agreement between experimental
and theoretical elevator effectiveness,

All +the models tested were longitudinally stable with the center
of gravity located at 25 percent of the mean aerodymemic chord. How-
ever, with center of grevity irn this position, all of the configura-
tions were either directionally unstable or exhibited a degree of
stability thet appears to be marginal.

The models tested exhibited a variation of drag with lift which
was ‘only slightly greater than thet predicted by theory. Additional
research iz necessary to determine whether the indicated forward

L]
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rotation of the resultant force vector is due to the airfoll section
characteristice or to favorable wing-body interaction.
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TABLE 1.~ MODEL DIMENSIONS
Configuration BsWeoV1 | BgWs0¥s
Total wing ares, sq in. 13.19 12.72
Total elevator. ares, sq in. 2.08 1.68
Total vertical fin area, sq in. 2,00% 2.08
Totsl rudder area, 8q in. 0.343 0.862
M.h.Co length. in. 3.16 .28
Spen, in,. 5.62 4.48
Over-all length, in. T.36 7.36
Fuselage dieameter, in.. 1.31 1.3)

%tncluding ventrel fin.




TABLE II.- INDEX OF FIGURES

Reynolds configurations
Data mnb:rs
X 10 BaWao [BsMao"a | BaWs 0V [B1 ¥ 0V1]| BaaWsoFV1 By aXWeoVa | By 2K oWy
M ———— 1
variation of 1ift, drag, and pitohing
manent with angle of attack with .
neutral ocontrols. 1.13 748 ] 13 10 14 15
varistion of aide force, dreg, and
yawing noment with angle of yuw. 1.13 18 17 18 19 19
Variation of 1ift with sngle of atimok «T1 Zla
for various elevator deflections. 1.13 21b 22
variation of 1ift with elevator 71 25a
defleotion angle. 1.13 23b a
variation of 50-percent M.A.C. pitohing r: 250
moment with angle of attmok for M
warious elevator deflestions. 1.18 26b 26
variation of 25-parcsnt M.A.C. pitohing ol 27a
noment with angle of attaok for :
wvarious elevator defleotlons. 1,.1% 27 28
Tariation of 50-percent M.A.C. pitohing T 29
moment with elevator deflectiom. 1.13 200 | 50
Veriation of 26-percent M.A.C, pitohing oT1 Sla
moment with elevator defleotions 1,15 31 53
SHA
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(b) Configuration B, 4 alfe
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NACA RM No. ATJO0S5 Fig. 11, 12

Figure 1l.= Profile schlieren photograph of configuration Big¥eoVa
at 1le13 X 10° Reynolds numbers
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Figure 12.- Profile schlieren photograph of configuration BsWgoV:
at 1,13 x 10° Reynolds numbere.
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Figure 29— Variation of 50 percent m.a. ¢c. pitching-moment
coefficient with elevator_deflection af several angles of aftack
for configuration Bs Wepl .
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Note: Data for all other angles of aftack fall between hmils

shown .

Figure 30. - Variation of 50 percent m. a. c. pitching-moment
coefficient with elevator deflection at several angles of
attack for configuration Bs WoVe af .13 X 106

Reynolds number.
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(a) 0.7/ X /0% Reynolds number.

Figure 31. - Variation of 25 percent m. a. c. pitching—-moment
coefficient wif»_‘; elevator deflection at several angles of
aftack for configuration Bs W Y .
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Figure 32.- Variation of 25 percent m.a.c. pifehing - moment
coefficient with elevator deflection af several angles of
affack for configuration B;Wy,Ve at [./13 X 106 Reynolds

number .
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Figure 33.- Experimental and theoretical effects of elevator
deflection on lift coefficient and 50 percent m.a.c. pitching-

moment coefficient.
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